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The present invention relates to a chemical indicator that is used to determine whether instruments and 
other products to be sterilized have experienced a sterilization treatment process or to confirm whether 
sterilization has been efficiently performed, by the color tone change of the indicator when sterilizing 
medical instruments and other products and the like by a hydrogen peroxide low temperature plasma 
sterilizing method. 

The present invention provides an indicator for plasma sterilization, wherein an ink comprising a colorless 
chromogenic pigment, a coloring assistant, a binder (a binding agent) and a solvent for dissolving these, 
is applied to or printed on a base material, and wherein a color tone change of the indicator occurs by a 
hydrogen peroxide low temperature sterilization method. 
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(54) INDICATOR FOR PLASMA STERILIZATION 

(57) The present invention relates to a chemical in- 
dicator that is used to determine whether instruments 
and other products to be sterilized have experienced a 
sterilization treatment process or to confirm whether 
sterilization has been efficiently performed, by the color 
tone change of the indicator when sterilizing medical in- 
struments and other products and the like by a hydrogen 
peroxide low temperature plasma sterilizing method. 



The present invention provides an indicatorfor plas- 
ma sterilization, wherein an ink comprising a colorless 
chromogenic pigment, a coloring assistant, a binder (a 
binding agent) and a solvent for dissolving these, is ap- 
plied to or printed on a base material, and wherein a 
color tone change of the indicator occurs by a hydrogen 
peroxide low temperature sterilization method. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to an indicator 
for plasma sterilization that is used to determine whether 
instruments and other products to be sterilized have ex- 
perienced a sterilization treatment process, ortoconfirm 
whether sterilization has been efficiently performed, by 
the color tone change of the indicator, when sterilizing 
medical instruments and other products and the like by 
a hydrogen peroxide low temperature plasma sterilizing 
method. 

BACKGROUND ART 

[0002] Conventionally, (1) a high pressure vapor ster- 
ilization method or (2) an ethylene oxide sterilization 
method has been used in order to sterilize instruments 
used for surgical procedures or remedial treatments in 
medical institutions such as hospitals and the like. 
[0003] In these high pressure vapor sterilization meth- 
od and ethylene oxide sterilization method, it is extreme- 
ly important (1) to determine whether instruments and 
other products to be sterilized have experienced a ster- 
ilization treatment process or (2) to detect whether ster- 
ilizing conditions applied to instruments are appropriate. 
[0004] In a method of the determination method orthe 
detecting method, a chemical indicator for sterilization 
whose color tone is changed by sterilization has been 
used, however, as the indicator for sterilization, a dedi- 
cated indicator for each sterilization method should be 
used. 

[0005] However, the high pressure vapor sterilization 
method which has been conventionally used can be ap- 
plied to only instruments which are resistant to high tem- 
perature and high pressure. On the other hand, the eth- 
ylene oxide gas sterilization method can be performed 
under relatively low temperatu re (40 to 60°C) so that this 
method is often employed for sterilization of an endo- 
scope, aplastic instrument which is heat-sensitive orthe 
like. However, since strongly poisonous ethylene oxide 
is adsorbed onto the instruments after sterilization so as 
to tend to remain, this method has the disadvantage of 
requiring removal of the ethylene oxide which has ad- 
hered to the instruments after sterilization. 
[0006] Recently, as a sterilization method which can 
replace the high pressure vapor sterilization method or 
the ethylene oxide sterilization method, a plasma steri- 
lization method utilizing bactericidal ability of low tem- 
perature gas plasma with an oxidative gas such as hy- 
drogen peroxide and the like or other gases has been 
used. 

[0007] According to the sterilization process of the 
plasma sterilization method using "STERRAD 100" 
(trademark) which is one of presently commercially 
available typical hydrogen peroxide low temperature 
plasma sterilizers developed by Johnson & Johnson 



Medical (the United States), instruments to be sterilized 
are loaded into the inside of the sterilizer, and the inside 
of the sterilizer is highly evacuated, and then, a fixed 
amount of a hydrogen peroxide solution is injected and 
5 vaporized, the step of diffusing the vaporized hydrogen 
peroxide gas thoroughly over the inside of the strilizer 
(diffusion step, about 50 min) and the subsequent step 
of generating a plasma from the hydrogen peroxide gas 
by applying a high frequency voltage (plasma genera- 
te tion step, about 15 min) are provided. 

[0008] In this plasma generation step, a plasma Is 
generated from the hydrogen peroxide gas so as to con- 
tain many free radicals such as highly reactive -O radi- 
cals, -OH radicals or -OOH radicals, thereby providing 
15 an noticeable improvement in an sterilization effect 
compared to sterilization performed merely in hydrogen 
peroxide (for example, United States Patent No. 
4,169,123), and as a result thereof, sterilization can be 
performed at a temperature as low as about 45°C, and 
20 beside, can be realized for a short time as mentioned 
above. 

[0009] After the plasma generation step, when stop- 
ping applying high frequency energy, the plasma state 
ceases instantaneously so that highly reactive free rad- 

25 jcals and the like recombine to form oxygen and water 
thereby allowing hazardous substances not to remain. 
[0010] The applicant of the present application has al- 
ready proposed a chemical indicator used for such a 
new low temperature gas plasma sterilization method 

30 using hydrogen peroxide (refer to the specification of 
Japanese Patent Application No. H 9-365688 or Japa- 
nese Patent Application Laid-Open No. H 11-178904 or 
the like). 

[0011] The technical content of the above mentioned 
35 application by the applicant of the present application is 
based on the principle that "an indicator including a ba- 
sic pigment such as triphenylmethanes and the like and 
a certain color change assistant is discolored colorless 
by oxidizing power of a plasma formed from hydrogen 
40 peroxide or a hydrogen peroxide vapor." 

[0012] It is an object of the present invention to pro- 
vide an indicator wherein, contrary to the indicator of the 
above mentioned application, colorless pigments as 
used in pressure-sensitive copying papers or thermo- 
45 sensitive recording papers are used so that the indicator 
is clearly colored by the action of a plasma from hydro- 
gen peroxide or a hydrogen peroxide vapor and has 
good stability in storage. 

so DISCLOSURE OF THE INVENTION 

[0013] It is an object of an indicator for plasma steri- 
lization of the present invention to provide an indicator 
for plasma sterilization which comprises a colorless 
55 chromogenic pigment, a coloring assistant and a binder 
(a binding agent), wherein the color tone change of the 
indicator occurs by a hydrogen peroxide low tempera- 
ture sterilization method. 
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[0014] Conventionally, it has been known that leucoc- 
rystal violet (a structural formula shown in Fig. 1) ob- 
tained by reduction of crystal violet which is a triphenyl- 
methane pigment is easy to color by oxidation. 
[0015] However, leucocrystal violet has neither good 
stability in air nor good stability to light so that an ink 
including leucocrystal violet which is applied onto abase 
material has a strong tendency to be colored by oxida- 
tion of the pigment during storage in air. 
[0016] Moreover, with regard to a triphenylmethane 
lactone type colorless dye (triphenylmethane phthalide) 
as presently used in pressure-sensitive copying papers 
or thermosensitive recording papers which has one lac- 
tone ring in a molecule of a triphenylmethane com- 
pound, for example Crystal Violet lactone (CVL, a struc- 
tural formula shown in Fig. 2) is much stabler than the 
leucocrystal violet as mentioned above and has good 
stability in air, however, an ink including such a pigment 
which is applied onto a base material is hardly colored 
when subjected to a hydrogen peroxide low temperature 
plasma sterilization treatment. 
[0017] Hence, using colorless pigments such as; 
Crystal Violet lactone (a structural formula shown in Fig. 

2) which is a typical example of triphenylmethane 
phthalide as presently used for manufacturing pressure- 
sensitive copying papers or thermosensitive recording 
papers; a phthalide (a structural formula shown in Fig. 

3) in which one benzene ring of triphenylmethane 
phthalide is substituted with an indole ring; a phthalide 
(a structural formula shown in Fig. 4) with a structure in 
which another benzene ring of the phthalide is further 
substituted with a pyridine ring; a phthalide (a structural 
formula shown in Fig. 5) with a fluorene structure in 
which two benzene rings of triphenylmethane phthalide 
are combined to form a closed ring; and fluoran com- 
pounds (structural formulae shown in Fig. 6 and Fig. 7) 
in which two benzene rings of triphenylmethane phthal- 
ide are combined with an oxygen atom to form a closed 
ring, inks are prepared from such pigments into which 
various types of additives and binders (binding agents) 
are added, and with regard to samples wherein the inks 
are applied to base materials, color change property by 
a hydrogen peroxide low temperature plasma steriliza- 
tion has been investigated. 

[0018] As a result of this test, it was found that only 
samples using colorless fluoran pigments in combina- 
tion with compounds having a dithiocarbamyl group (a 
chemical formula shown in Fig. 30) or a mercapto group 
(a chemical formula shown in Fig. 31 ) were clearly color- 
ed by a hydrogen peroxide low temperature plasma 
sterilization. 

[0019] As a result of additional study of coloring in a 
hydrogen peroxide vapor with regard to the above-men- 
tioned samples, there occurs coloring in the samples us- 
ing colorless pigments other than colorless fluoran pig- 
ments, which are mixed with compounds having a dithi- 
ocarbamyl group (Fig. 30) or a mercapto group (Fig. 31 ) 
as additives, during the process of hydrogen peroxide 



low temperature plasma sterilization, however, the 
colored pigments are oxidized and discolored, and as a 
result thereof, the coloring density Is not improved. In 
contrast to this, it turned out that the samples using 

5 colorless fluoran pigments are clearly colored at high 
density because the colored pigments are extremely dif- 
ficult to be oxidized during the process of hydrogen per- 
oxide low temperature plasma sterilization. 
[0020] In addition, with regard to colorless fluoran pig- 

10 ments, pigments with a chemical structure other than 
the two types as mentioned above are combined with 
compounds having a dithiocarbamyl group or com- 
pounds having a mercapto group which are two systems 
of coloring assistants so as to prepare indicators, on 

is which hydrogen peroxide low temperature plasma ster- 
ilization process tests are conducted so that it was con- 
firmed that clear coloration occurs in all the indicators. 
[0021] As for an indicator wherein an ink including a 
colorless fluoran pigment and a compound having a 

20 dithiocarbamyl group or mercapto group as an additive 
(a coloring assistant) is applied to a base material, a 
color tone of the indicator is almost colorless before ster- 
ilization. The indicator also has a stable coloration prop- 
erty during a hydrogen peroxide low temperature plas- 

25 ma sterilization process and finally reaches a constant 
color tone and color density. 
[0022] Furthermore, it was recognized that stability 
(discoloration property) of color (color density) of an in- 
dicator at high humidity after sterilization treatment is 

30 related to: 

(1) the type of an individual colorless fluoran pig- 
ment; 

(2) the type and the mixing amount of a compound 
35 having a dithiocarbamyl group or a compound hav- 
ing a mercapto group (coloring assistants); and 

(3) the type of a binder and so on. 

[0023] With regard to the indicators of the present in- 
40 vention, mixing of polyphenol compounds with the indi- 
cators is effective in improving or further enhancing sta- 
bility of a color tone or color density of the indicators at 
high humidity after sterilization treatment as mentioned 
above. 

45 [0024] Since a large mixing amount of polyphenol 
compounds generally allows some parts of colorless 
fluoran pigments in indicators to be colored so as to 
cause "coloration fogging" in a color tone of the indica- 
tors, the mixing amount of polyphenol compounds 

so should be in the range wherein the color tone of the in- 
dicators, to be colored, prior to sterilization is not signif- 
icantly affected by the mixing amount. 
[0025] Moreover, as another effect of mixing of 
polyphenol compounds when mixing the polyphenol 

55 compounds, the coloration of indicators during hydro- 
gen peroxide low temperature plasma sterilization is fre- 
quently promoted. However, when mixing only polyphe- 
nol compounds, such effect is hardly observed, whereas 
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the effect of promoting the coloration is recognized only 
when mixing polyphenol compounds in combination 
with compounds having a mercapto group or com- 
pounds having a dithiocarbamyl group which are color- 
ing assistants. 5 
[0026] Furthermore, with regard to stability in storage 
of indicators prior to performing sterilization, it is impor- 
tant that coloration or color change by environmental 
light such as sunlight, fluorescent light or the like is 
small, whereas with regard to the indicators of the io 
present invention comprising a colorless fluoran pig- 
ment, compounds having a mercapto group or com- 
pounds having a dithiocarbamyl group as coloring as- 
sistants and a binder, it was found the types of the color- 
less fluoran pigments to be used and the types and the 1$ 
mixing amounts of the coloring assistants are the most 
influential factors. 

[0027] Since a larger mixing amount of coloring as- 
sistants generally allows coloration of indicators by light 
to increase, it is preferable that the mixing amount be 20 
small. Moreover, comparing coloration by light of an in- 
dicator mixed with a compound having a dithiocarbamil 
group as a coloring assistant to that of an indicator 
mixed with a compound having a mercapto group, the 
former's coloration is less than the tetter's coloration and 25 
the former is preferable. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] 30 

Fig. 1 illustrates a structural formula of leucocrystal 
violet which is a pigment; 
Fig. 2 illustrates a structural formula of Crystal Violet 
lactone which is a pigment; 35 
Fig. 3 illustrates a structural formula of Blue-200 
which is a pigment; 

Fig. 4 illustrates a structural formula of Blue-63 
which is a pigment; 

Fig. 5 illustrates a structural formula of G-1 1 8 which *o 
is a pigment; 

Fig. 6 illustrates a structural formula of PSD-HR 
which is a pigment; 

Fig. 7 illustrates a structural formula of TH-107 
which is a pigment; 45 
Fig. 8 is a table showing Example 1 of an indicator 
for plasma sterilization according to the present in- 
vention; 

Fig. 9 is a table showing Example 2 of an indicator 
for plasma sterilization according to the present in- so 
vention; 

Fig. 1 0 is a table showing Example 3 of an indicator 
for plasma sterilization according to the present in- 
vention; 

Fig. 11 is a table showing Example 4 of an indicator 55 
for plasma sterilization according to the present in- 
vention; 

Fig. 12 is a table showing Example 5 of an indicator 



for plasma sterilization according to the present in- 
vention; 

Fig. 1 3 is a table showing Example 6 of an indicator 
for plasma sterilization according to the present in- 
vention; 

Fig. 1 4 is a table showing Example 7 of an indicator 
for plasma sterilization according to the present in- 
vention; 

Fig. 1 5 is a table showing Example 8 of an indicator 
for plasma sterilization according to the present in- 
vention; 

Fig. 1 6 is a table showing Example 9 of an indicator 
for plasma sterilization according to the present in- 
vention; 

Fig. 17 is a table showing Example 10 of an indica- 
tor for plasma sterilization according to the present 
invention; 

Fig. 18 is a table showing Example 11 of an indicator 
for plasma sterilization according to the present in- 
vention; 

Fig. 19 is a table showing Example 12 of an indica- 
tor for plasma sterilization according to the present 
invention; 

Fig. 20 is a table showing Example 13 of an indica- 
tor for plasma sterilization according to the present 
invention; 

Fig. 21 is a table showing Example 14 of an indica- 
tor for plasma sterilization according to the present 
invention; 

Fig. 22 is a table showing Example 15 of an indica- 
tor for plasma sterilization according to the present 
invention; 

Fig. 23 is a table showing Example 16 of an indica- 
tor for plasma sterilization according to the present 
invention; 

Fig. 24 is a table showing Example 17 of an indica- 
tor for plasma sterilization according to the present 
invention; 

Fig. 25 is a table showing Example 18 of an indica- 
tor for plasma sterilization according to the present 
invention; 

Fig. 26 is a table showing Example 19 of an indica- 
tor for plasma sterilization according to the present 
invention; 

Fig. 27 is a table showing Example 20 of an indica- 
tor for plasma sterilization according to the present 
invention; 

Fig. 28 is a table showing Example 21 of an indica- 
tor for plasma sterilization according to the present 
invention; 

Fig. 29 is a table showing Example 22 of an indica- 
tor for plasma sterilization according to the present 
invention; 

Fig. 30 illustrates a chemical formula of dithiocar- 
bamyl group; and 

Fig. 31 illustrates a chemical formula of mercapto 
group. 
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MODES FOR CARRING OUT THE INVENTION 

[0029] Now, an indicator for plasma sterilization ac- 
cording to the present invention will be described in de- 
tail based on the accompanying drawings. 
[0030] The present invention is an indicator for plas- 
ma sterilization wherein an ink, including (a) a colorless 
fluoran pigment, (b) a compound having a dithiocar- 
bamyl group (a coloring assistant) or a compound hav- 
ing a mercapto group (a coloring assistant) and (c) a 
binder (a binding agent), and (d) a polyphenol com- 
pound for the purpose of preventing discoloration of the 
indicator in highly humid surroundings after sterilization 
treatment, when necessary, is printed on or applied to a 
base material. 

[0031] The colorless fluoran pigment which is mixed 
in the above mentioned indicator for plasma sterilization 
changes color (is colored) into a color tone typical of the 
pigment by hydrogen peroxide low temperature sterili- 
zation. 

[0032] Additionally, it was recognized that the speed 
of color change (coloration) of the indicator during ster- 
ilization treatment is related to: 

(1) the type of an individual pigment; 

(2) the type and the mixing amount of a compound 
having a dithiocarbamyl group or a compound hav- 
ing a mercapto group (coloring assistants); 

(3) the type of a binder; and 

(4) the type and the mixing amount of a polyphenol 
compound which is mixed when necessary. 

[0033] In general, indicators for sterilization are clas- 
sified roughly into two types: process indicators and in- 
dicators for detecting sterilization effects. The former 
process indicators are applied to or printed on conspic- 
uous areas of the surface of packaging materials for 
sterilization so as to determine whether objects to be 
sterilized have experienced a sterilization process (be- 
ing used as signs in order to avoid confusion between 
articles having been sterilized and yet-to-be sterilized 
articles), while the latter indicators for detecting sterili- 
zation effects are used for determining whether sterili- 
zation effects applied to objects are appropriate (wheth- 
er sterilizing conditions sufficient for microorganisms to 
be extinct are obtained or not) on the basis of the degree 
of color tone change of the indicators, which have been 
printed on cards and the like, being sterilized along with 
objects to be sterilized. 

[0034] Thus, as for the process indicators, indicators 
which cause a clear color difference (a color tone 
change or a change of color density) between before 
and after sterilization treatment process, is sufficient for 
the process indicators, while, with regard to the indica- 
tors for detecting sterilization effects, there is a neces- 
sity to be able to determine sterilization effects (which 
is gradually enhanced during the sterilization process) 
based on color tone or color density. 



[0035] In hydrogen peroxide low temperature plasma 
sterilization, there are generally a diffusion step of dif- 
fusing a hydrogen peroxide vapor and a subsequent 
plasma generation step. However, it is in the plasma 

5 generation step that all microorganisms which adhere 
to objects to be sterilized become extinct, and therefore, 
the indicators for detecting sterilization effects is re- 
quired to have little color change (coloration) during the 
diffusion step of diffusing a hydrogen peroxide vapor, 

10 and is required to change color into a final color tone or 
color density during the plasma generation step. 
[0036] Incidentally, in the case of the indicator for 
plasma sterilization of the present invention, as de- 
scribed above, it has been recognized that the speed of 

15 coloration during sterilization treatment is related to: 

(1) the type of an individual colorless fluoran pig- 
ment; 

(2) the type and the mixing amount of a compound 
20 having a dithiocarbamyl group (a coloring assistant) 

or a compound having a mercapto group (a coloring 
assistant); 

(3) the type of a binder; and 

(4) the type and the mixing amount of a polyphenol 
25 compound which is mixed when necessary. 

[0037] Among the above factors, the type and the mix- 
ing amount of a compound having a dithiocarbamyl 
group or a compound having a mercapto group as a 

30 coloring assistant have a noticeable effect on the speed 
of coloration during sterilization. It was found that among 
coloring assistants, compounds having a mercapto 
group generally have a strong coloration promoting 
property in a hydrogen peroxide vapor, and also have a 

35 high coloration promoting property in a hydrogen perox- 
ide vapor, for example, in tests at about room tempera- 
ture. 

[0038] Additionally, it was found that the compounds 
having a dithiocarbamyl group have the property of pro- 

40 moting coloration in a hydrogen peroxide vapor which 
varies depending on the types of the compounds having 
a dithiocarbamyl group and that some compounds hav- 
ing a dithiocarbamyl group are as high in the property 
as the compounds having a mercapto group and other 

45 compounds having a dithiocarbamyl group are lower in 
the property than the compounds having a mercapto 
group. 

[0039] When preparing indicators for detecting steri- 
lization effects, as mentioned above, since little colora- 

so tion is preferred to proceed in the diffusion step of dif- 
fusing a hydrogen peroxide vapor in hydrogen peroxide 
low temperature plasma sterilization, it is effective to se- 
lect, as a coloring assistant from compounds having a 
dithiocarbamyl group, an compound which has a low 

55 coloration promoting property in a hydrogen peroxide 
vapor and then to mix an appropriate amount of the se- 
lected compound. 

[0040] Besides the above-mentioned colorless 
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fluoran pigment as an essential ingredient, it is possible 
to mix another pigment which does not change color by 
hydrogen peroxide low temperature plasma steriliza- 
tion, into the indicator of the present invention, so as to 
modify a color tone before sterilization and after sterili- 
zation. 

[0041] Moreover, for the indicators for plasma sterili- 
zation of the present invention, it is possible to mix a 
pigment which is discolored (loses color) by hydrogen 
peroxide low temperature plasma sterilization in the 
presence of compounds having a dithiocarbamyl group 
or a mercapto group, as a pigment other than the color- 
less fluoran pigment being an essential ingredient, so 
as to allow the color tone of the indicator before the ster- 
ilization not to be colorless but to be colored. 
[0042] As a pigment mixed into an indicator for plas- 
ma sterilization of the present invention that is discolor- 
ed (loses color) during sterilization treatment, for exam- 
ple, cyanine basic pigments or triphenylmethane basic 
pigments as described in the above-mentioned Japa- 
nese Patent Application Laid-Open No. H 11-178904 
filed by the applicant of the present invention can be 
used. 

[0043] In this case, if a pigment the color of which is 
significantly different from a color tone of a colorless 
fluoran pigment as an essential ingredient after sterili- 
zation treatment is used as a pigment which loses color 
during sterilization treatment, an indicator which has a 
wide range of a color change (has a large color differ- 
ence) between before and after sterilization can be pre- 
pared. 

[0044] A pigment as an ingredient necessary to pre- 
pare an indicator for plasma sterilization of the present 
invention is a pigment which is colored during a hydro- 
gen peroxide low temperature plasma sterilization step, 
and a colorless fluoran pigment is used as the pigment. 
[0045] Examples of the colorless fluoran pigment in- 
clude 3,6-dimethoxyfluoran, 3-diethylamino-7-chlo- 
rofluoran, 3-diethylamino-benzo[a]fluoran, 4-amnio- 
8-diethylamino-benzo(a)fluoran, 4-benzylamino-8-di- 
ethylamino-benzo[a]fluoran, 2-amino-8-diethylamino- 
benzo[a]fluoran, 2-mesidino-8-diethylamino-benzo[c] 
fluoran, 3-(N,N-diethylamino)-7-(N,N-dibenzylamino) 
fluoran, 3-diethylamino-7-alkyl(C8)aminofluoran, 2-(N- 
methyl-N-phenylamino)-6-(N-p-tolyl-N-ethylamino) 
fluoran, 3-pyrrolidino-7-(N,N-dibenzylamino)fluoran, 
3-pyrrolidino-7-cyclohexy!aminofluoran, 3-diethylami- 
no-7-cyclohexylaminofluoran, 3-diethylamino-7-cy- 
clohexyl-N-benzylaminofluoran, 2-anilino-3-methyl- 
6-diethylaminofluoran, 2-anilino-3-methyl-6-(N-ethyl-p- 
toluidino)fluoran, 2-p-toluidino-3-methyl-6-(N-ethyl-p- 
toluidino)fluoran, 3-(N-cyclohexyl-N-methylamino)- 
6-methyl-7-anilinofluoran, 3-dibutylamino-7-(o-chloro- 
anilino)fluoran, 3-dibutylamino-7-f1uoroanilinofluoran, 
3-diethylamino-6-chloro-anilinofluoran, and the like. 
[0046] A coloring assistant as an ingredient being es- 
sential to preparing an indicator for plasma sterilization 
of the present invention is a compound having a dithio- 



carbamyl group (Fig. 30) or a compound having a mer- 
capto group (Fig. 31). 

[0047] Examples of the above-mentioned com- 
pounds (coloring assistants) having a dithiocarbamyl 

5 group (Fig. 30) include tetramethylthiuram monosulfide, 
tetramethylthiuram disulfide, tetraethylthiuram disulfide, 
tetra-n-butylthiuram disulfide, N,N'-dimethyl-N,N'- 
diphenylthiuram disulfide, dipentamethylenethiuram 
monosulfide, dipentamethylenethiuram disulfide, dipen- 

10 tamethylenethiuram tetrasulfide, p-xylylene bis(N,N-di- 
ethyldithiocarbamate), 2-benzothiazolyl diethyldithio- 
carbamate, 4-dimethylaminobenzylideneRhodamine 
and the like. 

[0048] Examples of the compounds having a dithio- 

15 carbamyl group (Fig.30) used as a coloring assistant in 
the indicator for plasma sterilization of the present in- 
vention, that provide the indicator which is slowly color- 
ed in a hydrogen peroxide vapor and is completely color- 
ed by a hydrogen peroxide low temperature plasma 

20 sterilization treatment, include tetra-n-butylthiuram di- 
sulfide and 2-benzothiazolyl diethyldithiocarbamate. 
[0049] Furthermore, examples of the compounds 
(coloring assistants) having a mercapto group (Fig. 31) 
include 2-mercaptobenzothiazole, 2-mercaptoben- 

25 zoimidazole, 2-mercaptobenzoxazole, 3-mercapto- 
1 ,2,4-triazole, 3-mercapto-4-methyl-4H-1 ,2,4-triazole, 
2-mercaptothiazoline, 5-methyl-1 ,3,4-thiadiazole-2-thi- 
ol, 1-phenyl-5-mercapto-1H-tetrazole, 2-amino-5-mer- 
capto-1 ,3,4-thiadiazole, 2,5-dimercapto-1 ,3,4-thiadia- 

30 zole, 5-mercapto-1-methyltetrazole, mercaptosuccinic 
acid and the like. 

[0050] For a binder (a binding agent) as an ingredient 
being essential to preparing an indicator for plasma ster- 
ilization of the present invention, it is necessary to select 

35 a binder which not only dissolves well in a solvent used 
for dissolving a coloring assistant, a colorless pigment 
and the like that are mixing ingredients of an ink, but 
also is well compatible with the above-mentioned pig- 
ment, coloring assistant and the like, in order to enhance 

40 stability in long term storage and clearness of color tone 
of the indicator. 

[0051] There are no special restrictions to examples 
of materials capable of being used as a binder (a binding 
agent), and the examples mainly include cellulose de- 

45 rivatives such as cellulose acetate, cellulose butyrate, 
cellulose nitrate, ethyl cellulose, hydroxypropyl cellu- 
lose and the like, vinyl polymers such as polyvinyl ac- 
etate), a vinyl acetate/vinyl pyrrolidone copolymer, poly 
(vinyl butyral), a styrene/acrylonitrile copolymer and the 

so like. 

[0052] Examples of polyphenol compounds which are 
not ingredients being essential to preparing an indicator 
for plasma sterilization of the present invention, but, in 
many instances, ingredients being effective in prevent- 
55 ing discoloration of the indicator in highly humid sur- 
roundings after sterilization treatment and in further en- 
hancing coloring density of the indicator during steriliza- 
tion treatment process, include diphenol acid, phenol- 
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phthalein, bis(4-hydroxyphenyl)propane, 1,1-bis(4-hy- 
droxyphenyl)cyclohexane, bis(4-hydroxyphenyl) sul- 
fone, bis(4-hydroxyphenyl) sulfide, 9,9-bis(4-hydroxy- 
phenyl)fluorene, 4,4'-(1-a-methylbenzylidene)bisphe- 
nol, a, a '-bis(4-hydroxyphenyl)- 
1 ,4-diisopropylbenzene, 4,4'-bisbutylidenebis(3-me- 
thyl-6-tertbutylphenol), a , a , a '-tris(4-hydroxyphenyl)- 
1-ethyl-4-isopropylbenzene, oligomers of 4-phenylphe- 
nol and formaldehyde, polyvinylphenol [poly(p-hydrox- 
ystyrene)] and the like. 

[0053] Mixing amounts of a colorless pigment, a color- 
ing assistant, a binder (a binding agent) and a solvent 
as essential ingredients for mixing to form an ink in order 
to prepare an indicator for plasma sterilization of the 
present invention are not necessarily within the follow- 
ing range because the amounts vary depending on the 
types and properties of the respective ingredients, how- 
ever, the mixing amounts are approximately in the order 
of the following: 

(1) a colorless pigment: 0.1 to 1 part; 

(2) a coloring assistant: 0.5 to 6 parts; 

(3) a binder: 10 to 30 parts; and 

(4) a solvent: 70 to 85 parts. 

[0054] Using the following agents: 

(1) as a pigment, 

0.5 parts by weight of PSD-HR (produced by 
Nippon Soda, Fig. 6) which is a colorless fluoran 
pigment; 

(2) as a coloring assistant, 

2.5 parts by weight of tetramethylthiuram 
monosulfide in Example 1 , 

2.5 parts by weight of tetraethylthiuram di- 
sulfide in Example 2, and 

2.5 parts by weight of 2-benzothiazolyl di- 
ethyldithiocarbamate in Example 3; 

(3) as a binder (a binding agent), 

12.5 parts by weight of ethyl cellulose 
(Ethocell No. 4 produced by Dow Chemical); and 

(4) as a solvent, 

about 85 parts by weight of a mixture of methyl 
ethyl ketone and toluene (9:1), 

inks were prepared, and then, each of the inks 
was applied onto a base material made of polyeth- 
ylene synthetic paper (Tyvek produced by Du Pont) 
with a 0.25m/m wire bar by hand, and indicators for 
plasma sterilization of Example 1 (Fig. 8), Example 
2 (Fig 9) and Example 3 (Fig 10) were prepared. 

[0055] These indicators were colorless respectively, 
and when subjected to sterilization treatment with a 
plasma sterilizer (STERRAD 100) manufactured by 
Johnson & Johnson Medical in the United States under 
the standard condition (under the condition of a certain 
number of instruments being loaded in the sterilizer), the 
indicators changed color in red (were colored red). 



[0056] In addition, in order to investigate whether 
there is discoloration of the indicators or not, which were 
subjected to sterilization treatment at high humidity or 
not, tests were performed wherein the samples after 
5 sterilization are left in a constant temperature and con- 
stant humidity bath at a temperature of 40°C and at a 
humidity of 90%RH for 1 week, however, no discolora- 
tion was observed. 

[0057] In order to perform a comparison with the 
to above-mentioned Example 1 (Fig. 8), Example 2 (Fig 9) 
and Example 3 (Fig 10), inks having the ingredients 
used in the above-mentioned Examples except that the 
coloring assistants are not mixed were prepared (Com- 
parative Examples 1 to 3), and then, each of the inks 
is was applied onto Tyvek by hand, and indicators for plas- 
ma sterilization were prepared. 
[0058] When these were subjected to sterilization 
treatment with the plasma sterilizer manufactured by 
Johnson & Johnson Medical as in the case of the above- 
20 mentioned Examples 1 to 3, the samples of Compara- 
tive Examples did not change color (were not colored) 
at all. 

[0059] Inks were prepared in a manner similar to that 
of the above-mentioned Example 1 to Example 3 except 

25 that as a pigment, 0.5 parts by weight of TH-107 (pro- 
duced by Hodogaya Chemical Industry, Fig. 7) which is 
a colorless fluoran pigment was used, and then, each 
of the inks was applied onto Tyvek produced by Du Pont, 
with a 0.25m/m wire bar by hand, and indicators for plas- 

30 ma sterilization of Example 4 (Fig. 11), Example 5 (Fig 
12) and Example 6 (Fig 13) were prepared. 
[0060] Each of the indicators for plasma sterilization 
of the above-mentioned Example 4 (Fig. 11), Example 
5 (Fig 12) and Example 6 (Fig 13) was colorless, and 

35 when subjected to sterilization treatment in a manner 
similar to that of the above-mentioned Example 1 (Fig. 
8), Example 2 (Fig 9) and Example 3 (Fig 10) with the 
plasma sterilizer manufactured by Johnson & Johnson 
Medical under the standard condition, each of the indi- 

40 cators changed color in black (were colored black). 
[0061] In order to investigate whether there is a dis- 
coloration property of the indicators or not, which were 
subjected to sterilization treatment in highly humid sur- 
roundings or not, tests were performed wherein the 

45 samples after sterilization are left in a constant temper- 
ature and constant humidity bath at a temperature of 
40°C and at a humidity of 90%RH for 1 week, however, 
no discoloration was observed. 
[0062] Inks having compositions similar to those in the 

so above-mentioned Example 4 (Fig. 11), Example 5 (Fig 
12) and Example 6 (Fig 13) except that the coloring as- 
sistants are not mixed were prepared, and then these 
inks were applied onto Tyvek by hand, and indicators 
for plasma sterilization of Comparative Example 4 to 

55 Comparative Example 6 were prepared. When these 
were subjected to sterilization treatment under the same 
condition as in the above-mentioned Example 4 to Ex- 
ample 6 with the plasma sterilizer manufactured by 
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Johnson & Johnson Medical, the samples of Compara- 
tive Examples were hardly colored. 
[0063] Inks having the compositions of the above- 
mentioned Example 1 to Example 6 and further being 
mixed with 5 parts by weight of 1 ,1-bis(4-hydroxyphe- 
nyl)cyclohexane as a polyphenol compound which has 
a discoloration preventing effect in highly humid sur- 
roundings after sterilization and a coloration promoting 
effect during plasma sterilization were prepared respec- 
tively, and then these inks were applied onto Tyvek by 
hand, and indicators for plasma sterilization of Example 
7 (Fig. 14), Example 8 (Fig 15), Example 9 (Fig 16), Ex- 
ample 10 (Fig. 17), Example 11 (Fig 18), and Example 
12 (Fig 19) were prepared. 

[0064] The indicators of Example 7 to Example 12 
were slightly of color respectively because the colorless 
pigments of them were only partly colored due to mixing 
of 1,1-bis(4-hydroxyphenyl)cyclohexane that is a 
polyphenol compound, and when these were subjected 
to sterilization treatment under the same condition as in 
Example 1 to Example 6 with the plasma sterilizer man- 
ufactured by Johnson & Johnson Medical, the samples 
of Comparative Examples changed color somewhat 
deeper than the samples of Example 1 to Example 6 
respectively. 

[0065] When tests were performed wherein these 
samples after sterilization are left in a constant temper- 
ature and constant humidity bath at a temperature of 
40°C and at a humidity of 90%RH for 1 week, no discol- 
oration was observed. 

[0066] In order to investigate a coloration property 
during sterilization treatment of indicators which are not 
mixed with a coloring assistant but only with 1,1 -bis 
(4-hydroxyphenyl)cyclohexane as mentioned above, 
inks having compositions similar to those in Examples 
7 to 1 2 except that the coloring assistants are not mixed 
were prepared, and then these inks were applied onto 
Tyvek by hand, and indicators for plasma sterilization of 
Comparative Example 7 to Comparative Example 12 
were prepared. 

[0067] The samples of Comparative Examples 7 to 1 2 
were not completely colorless respectively because in 
coloration fogging in them was only slightly caused due 
to mixing of 1,1-bis(4-hydroxyphenyl)cyclohexane 
which is a polyphenol compound, and when these were 
subjected to sterilization treatment under the same con- 
dition as Examples 7 to 12 with the plasma sterilizer 
manufactured by Johnson & Johnson Medical, the sam- 
ples of Comparative Examples were just slightly color- 
ed. 

[0068] Using the following agents, as a pigment, 0.2 
parts by weight of NC-Blue-5 (produced by Hodogaya 
Chemical Industry) which is a colorless fluoran pigment; 
as a coloring assistant, 2.0 parts by weight of 2-mercap- 
tobenzothiazole; as a binder, 12.5 parts by weight of 
ethyl cellulose (Ethocell No. 4 produced by Dow Chem- 
ical); and as a solvent, about 85 parts by weight of me- 
thyl ethyl ketone, an ink was prepared, and then, the ink 



was applied onto a base material made of polypropylene 
synthetic paper (Oji-Yuka Synthetic Paper, YUPO) with 
a 0.25m/m wire bar by hand, and an indicator for plasma 
sterilization of Example 13 (Fig. 20) was prepared. 

5 [0069] This indicator was almost colorless, and when 
this indicator was subjected to sterilization treatment as 
in the case of Examples 1 to 12 with STERRAD 100 
manufactured by Johnson & Johnson Medical underthe 
standard condition, the sample changed color in blue 

10 (was colored blue). 

[0070] When a test was performed wherein the sam- 
ple of this indicator after sterilization treatment is left in 
a constant temperature and constant humidity bath at a 
temperature of 40°C and at a humidity of 90%RH for 1 

15 week, color density of blue was a little bit discolored. 
[0071] An Ink having the composition of Example 13 
(Fig. 20) and further being mixed with 3.0 parts by weight 
of 4,4'-(1 -a-methylbenzylidene)bisphenol as a polyphe- 
nol compound which has an effect of preventing discol- 

20 oration of a sample in highly humid surroundings after 
sterilization treatment and also has an effect of some- 
what enhancing coloration during plasma sterilization 
was prepared, and then this ink was applied onto YUPO 
(polypropylene synthetic paper) and Tyvek by hand, and 

25 an indicator for plasma sterilization (Example 14 (Fig. 
21)) was prepared. 

[0072] This indicator was slightly of color in contrast 
to the indicator of Example 1 3 (Fig. 20) due to mixing of 
4,4'-(1-a-methylbenzylidene)bisphenol which is a 

30 polyphenol compound, and when this indicatorwas sub- 
jected to sterilization treatment with the plasma sterilizer 
manufactured by Johnson & Johnson Medical, the sam- 
ples of this indicator changed color in blue with some- 
what higher color density than the sample of Example 

35 13 (Fig. 20). 

[0073] When a test was performed wherein the sam- 
ples of this indicator of Example 14 (Fig. 21) after ster- 
ilization treatment are left in a constant temperature and 
constant humidity bath at a temperature of 40°C and at 

40 a humidity of 90%RH for 1 week, little discoloration was 
observed. 

[0074] Using the following agents, as a pigment, 0.5 
parts by weight of PSD-3G (produced by Nippon Soda) 
which is a colorless fluoran pigment; as a coloring as- 

45 slstant, 0.4 parts by weight of 2-amino-5-mercapto- 
1 ,3,4-thiadiazole; as a binder, 12.5 parts by weight of 
vinyl butyral resin (Esrek BM-5 produced by Sekisui 
Chemical); and as a solvent, about 85 parts by weight 
of methyl ethyl ketone, an ink was prepared, and then, 

so the ink was applied onto a base material made of Tyvek 
(polyethylene synthetic paper) with a 0.25m/m wire bar 
by hand, and an indicator for plasma sterilization of Ex- 
ample 15 (Fig. 22) was prepared. 
[0075] This indicator was almost colorless, and when 

55 this indicator was subjected to sterilization treatment 
with the plasma sterilizer manufactured by Johnson & 
Johnson Medical underthe standard condition, the sam- 
ple was colored dark green. 
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[0076] When a test was performed wherein the sam- 
ple after sterilization is left in a constant temperature and 
constant humidity bath at a temperature of 40°C and at 
a humidity of 90%RH for 1 week, no discoloration was 
observed. 

[0077] Using the following agents, as a pigment, 0.5 
parts by weight of TH-107 (produced by Hodogaya 
Chemical Industry, Fig. 7) which is a colorless fluoran 
pigment; as a coloring assistant, 1 .6 parts by weight of 
tetraethylthiuram disulfide which is a compound having 
a dithiocarbamyl group in Example 16 (Fig. 23), 1.6 
parts by weight of tetra-n-butylthiuram disulfide which is 
a compound having a dithiocarbamyl group in Example 
17 (Fig. 24), 1.6 parts by weight of 2-benzothiazolyl di- 
ethyl dithiocarbamate which is a compound having a 
dithiocarbamyl group in Example 18 (Fig. 25); as a dis- 
coloration preventing agent for a colored pigment by 
sterilization treatment, 4.0 parts by weight of 1,1 -bis 
(4-hydroxyphenyl)cyclohexane which is a polyphenol 
compound; as a binder, 1 2.5 parts by weight of ethyl cel- 
lulose (Ethocell No. 4 produced by Dow Chemical); and 
as a solvent, about 85 parts by weight of a mixture of 
methyl ethyl ketone and toluene (9:1), inks were pre- 
pared, and then, each of the inks was applied onto a 
base material made of polyethylene synthetic paper (Ty- 
vek produced by Du Pont) with a 0.25m/m wire bar by 
hand, and indicators for plasma sterilization were pre- 
pared. 

[0078] Each of the samples of Example 1 6 (Fig. 23), 
Example 17 (Fig. 24) and Example 18 (Fig. 25) was 
colorless, and when the samples were subjected to ster- 
ilization treatment with the plasma sterilizer STERRAD 
100 manufactured by Johnson & Johnson Medical un- 
der the standard condition, each of the samples 
changed color in black (were colored black). 
[0079] Additionally, when these indicators were ex- 
posed to a hydrogen peroxide vapor (at around room 
temperature), the color density of the sample of Exam- 
ple 16 (Fig. 23) was enhanced after about 20 min, and 
after 1 hour, was colored black of almost saturated color 
density (almost the same level as color density after 
plasma sterilization treatment as mentioned above), 
and from then on, the color density remained un- 
changed. Furthermore, with regard to the samples of 
Example 17 (Fig. 24) and Example 18 (Fig. 25), a col- 
oration rise was slow, and the coloration hardly proceed- 
ed for nearly 3 hours, and the coloration proceeded ap- 
proximately after 3 hours passed, and after 4 hours, it 
was colored black of almost saturated color density, and 
from then, the color density remained constant. 
[0080] Using the following agents: 

(1) as a pigment, 0.2 parts by weight of NC-Blue-5 
(produced by Hodogaya Chemical Industry) which 
is a colorless fluoran pigment, and 0.05 parts by 
weight of a carbinol base of Pararosaniline (a triphe- 
nylmethane basic pigment) which is discolored (los- 
es color) by plasma starilization in the presence of 



the following coloring assistant; 
(2) as a coloring assistant, 

2.5 parts by weight of tetraethylthiuram di- 
sulfide; 
5 (3) as a binder, 

12.5 parts by weight of ethyl cellulose 
(Ethocell No. 4 produced by Dow Chemical); and 
(4) as a solvent, 

about 85 parts by weight of a methyl ethyl ke- 

10 tone, 

an ink was prepared, and then, the ink was 
applied onto a base material of Tyvek (polyethylene 
synthetic paper) with a 0.25 m/m wire bar by hand, 
and 

15 an indicator for plasma sterilization of Exam- 

ple 19 (Fig. 26) was prepared. 

[0081 ] The color tone of this indicator before steriliza- 
tion was pinkish red, and when this indicator was sub- 

20 jected to sterilization treatment with the plasma sterilizer 
manufactured by Johnson & Johnson Medical under the 
standard condition, the sample changed color in blue. 
[0082] In order to investigate a discoloration property 
of the sample after sterilization treatment in highly humid 

25 surroundings, a test was performed wherein the sample 
after sterilization is left in a constant temperature and 
constant humidity bath at a temperature of 40°C and at 
a humidity of 90%RH for 1 week, however, discoloration 
was recognized to a certain extent. 

30 [0083] An Ink having the composition of Example 19 
(Fig. 26) and in addition, being mixed with 5.0 parts by 
weight of 4,4'-(1-a-methylbenzylidene)bisphenol as a 
polyphenol compound which has an effect of allowing a 
sample in highly humid surroundings after sterilization 

35 treatment to be resistant to discoloration and also has 
an effect of somewhat increasing coloration during plas- 
ma sterilization was prepared, and then this ink was ap- 
plied onto Tyvek by hand, and an indicator for plasma 
sterilization of Example 20 (Fig. 27) was prepared. 

40 [0084] This indicator was pinkish red with somewhat 
higher color density than the indicator of Example 19 
(Fig. 26), and when this indicator was subjected to ster- 
ilization treatment with the plasma sterilizer manufac- 
tured by Johnson & Johnson Medical under the stand- 

45 ard condition, the sample of this indicator changed color 
in blue with further somewhat higher color density than 
the indicator of Example 19 (Fig. 26). 
[0085] In order to investigate a discoloration property 
of the sample after sterilization treatment in highly humid 

50 surroundings, a test was performed wherein the sample 
after sterilization is left in a constant temperature and 
constant humidity bath at a temperature of 40°C and at 
a humidity of 90%RH for 1 week, however, no discolor- 
ation was observed. 

55 [0086] Using the following agents: 

(1) as a pigment, 0.5 parts by weight of PSD-HR 
(produced by Nippon Soda) which is a colorless 



9 



17 



EP1 205 743 A1 



18 



fluoran pigment, and in addition to this, 0.05 parts 
by weight of a carbinol base of Victoria Blue (a 
triphenylmethane basic pigment) which is a blue 
pigment having a property of being discolored (los- 
ing color) by plasma starilization in the presence of 
the following coloring assistant; 

(2) as a coloring assistant, 

2.5 parts by weight of tetraethylthiuram di- 
sulfide; 

(3) as a binder, 

12.5 parts by weight of ethyl cellulose 
(Ethocell No. 4 produced by Dow Chemical); and 

(4) as a solvent, 

about 85 parts by weight of a methyl ethyl ke- 
tone, 

an ink was prepared, and then, the ink was 
applied onto a base material of Tyvek with a 0.25 
m/m wire bar by hand, and an indicator for plasma 
sterilization of Example 21 (Fig. 28) was prepared. 

[0087] This indicator showed light blue, and when this 
indicator was subjected to sterilization treatment with 
the plasma sterilizer manufactured by Johnson & John- 
son Medical under the standard condition, the sample 
changed color in red. 

[0088] When a test was performed wherein the sam- 
ple of this indicator after sterilization treatment is left in 
a constant temperature and constant humidity bath at a 
temperature of 40°C and at a humidity of 90%RH for 1 
week, no discoloration was observed. 
[0089] An Ink having the above-mentioned composi- 
tion and in addition, being mixed with 5.0 parts by weight 
of 1,1'-bis(4-hydroxyphenyl)cyclohexane as a polyphe- 
nol compound which has an effect of allowing a sample 
in highly humid surroundings after sterilization treatment 
to be resistant to discoloration and an effect of some- 
what increasing coloration during plasma sterilization 
was prepared, and then this ink was applied onto Tyvek 
by hand, and an indicator for plasma sterilization of Ex- 
ample 22 (Fig. 29) was prepared. 
[0090] This indicator was somewhat deeper light blue 
than the indicator of Example 21 (Fig. 28), and when 
this indicator was subjected to sterilization treatment 
with the plasma sterilizer manufactured by Johnson & 
Johnson Medical under a condition similar to in Example 
21 (Fig. 28), the sample of this indicator changed color 
in red with somewhat higher color density than the indi- 
cator of Example 1 8 (Fig. 25). 
[0091 ] When a test was performed wherein the sam- 
ple of this indicator after sterilization treatment is left in 
a constant temperature and constant humidity bath at a 
temperature of 40°C and at a humidity of 90%RH for 1 
week, no discoloration was observed. 
[0092] Indicators (Comparative Example 1 3 to Com- 
parative Example 16) were prepared using, as a pig- 
ment, colorless pigments other than fluoran pigments. 
[0093] Using the following pigments: 



as a pigment, 

0.3 parts by weight of 3,3-bis(p-dimethylaminophe- 
nyl)-6-dimethylamonophthalide (Crystal Violet lac- 
tone: Fig.2) in Comparative Example 13, 
5 0.4 parts by weight of Blue-200 (produced by Ho- 
dogaya Chemical: Fig. 3) in Comparative Example 
14, 

0.4 parts by weight of Blue-63 (produced by 
Yamamoto Chemical: Fig. 4) in Comparative Exam- 
10 pie 15, and 

0.5 parts by weight of G-1 1 8 (produced by Yamamo- 
to Chemical: Fig. 5) in Comparative Example 16, 

inks were prepared with a composition similar to 
15 that in Example 2 (Fig. 9), and then each of the inks was 
applied onto a base material of Tyvek (polyethylene syn- 
thetic paper produced by Du Pont) with a 0.25 m/m wire 
bar by hand, and indicators for plasma sterilization of 
Comparative Example 13 to Comparative Example 16 
20 were prepared. 

[0094] Each of the indicators for plasma sterilization 
was almost colorless, and when these were subjected 
to sterilization treatment under the same condition as in 
Example 2 (Fig. 9) with the plasma sterilizer manufac- 
25 tured by Johnson & Johnson Medical, each of the sam- 
ples of Comparative Examples hardly changed color 
(was hardly colored). 

[0095] Inks having the compositions of Comparative 
Example 1 3 to Comparative Example 1 6 and in addition, 

30 being mixed with 5 parts by weight of 1 , 1 -bis(4-hydrox- 
yphenyl)cyclohexane as a polyphenol compound, re- 
spectively, were prepared, and then, these inks were ap- 
plied onto Tyvek by hand, and indicators for plasma ster- 
ilization (Comparative Examples 17 to 20) were pre- 

35 pared. 

[0096] These indicators for plasma sterilization were 
slightly of color because the colorless pigments of them 
were only partly colored due to mixing of 1,1-bis(4-hy- 
droxyphenyl)cyclohexane that is a polyphenol com- 

40 pound, and when these were subjected to sterilization 
treatment with the plasma sterilizer manufactured by 
Johnson & Johnson Medical, the samples of Compara- 
tive Examples were hardly colored, which were scarcely 
different from the samples of Comparative Examples 13 

45 to 16. 

[0097] The above-mentioned Comparative Example 
1 to Comparative Example 20 were as follows. In Com- 
parative Example 1 to Comparative Example 12, inks 
have the compositions used in Example 1 to Example 
50 12 except that the coloring assistants are not mixed. 
With regard to ingredients (a pigment, a discoloration 
preventing agent, a binder and a solvent) other than a 
coloring assistant, the inks have the similar composi- 
tions. 

55 [0098] Comparative Example 1 is equivalent to Exam- 
ple 1 with the exception of a coloring assistant. 
[0099] Comparative Example 2 is equivalent to Exam- 
ple 2 with the exception of a coloring assistant. 
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[0100] Comparative Example 3 is equivalent to Exam- 
ple 3 with the exception of a coloring assistant. 
[0101] Comparative Example 4 is equivalent to Exam- 
ple 4 with the exception of a coloring assistant. 
[0102] Comparative Examples is equivalents Exam- 
ple 5 with the exception of a coloring assistant. 
[01 03] Comparative Example 6 is equivalent to Exam- 
ple 6 with the exception of a coloring assistant. 
[0104] Comparative Example 7 is equivalent to Exam- 
ple 7 with the exception of a coloring assistant. 
[01 05] Comparative Example 8 is equivalent to Exam- 
ple 8 with the exception of a coloring assistant. 
[0106] Comparative Example 9 is equivalent to Exam- 
ple 9 with the exception of a coloring assistant. 
[0107] Comparative Example 10 is equivalent to Ex- 
ample 10 with the exception of a coloring assistant. 
[0108] Comparative Example 11 is equivalent to Ex- 
ample 11 with the exception of a coloring assistant. 
[0109] Comparative Example 12 is equivalent to Ex- 
ample 12 with the exception of a coloring assistant. 
[0110] In Comparative Example 13 to Comparative 
Example 16, compositions of inks are different from 
those used in Example 2 only with regard to a pigment, 
and are similar to those of Example 2 except a pigment. 
Pigments used here are pigments other than fluoran pig- 
ments and inks were prepared by mixing respectively, 

0.3 parts by weight of 3,3-bis(p-dimethylami« 
nophenyl)-6-dimethylaminophthalide (Crystal Violet 
lactone) in Comparative Example 13, 

0.4 parts by weight of Blue-200 in Comparative 
Example 14, 

0.4 parts by weight of Blue-63 in Comparative Ex- 
ample 15, and 

0.5 parts by weight of G-118 in Comparative Ex- 
ample 16. 

[0111] In Comparative Example 17 to Comparative 
Example20, Inks have the compositions similar to those 
of Comparative Example 13 to Comparative Example 
16 and in addition, being further mixed with 5 parts by 
weight of 1,1-bis(4-hydroxyphenyl)cyclohexane as a 
discoloration preventing agent. 
[0112] Inks were prepared by mixing: 

5 parts by weight of a discoloration preventing agent 
1,1-bis(4-hydroxyphenyl)cyclohexane into the ink 
of Comparative Example 1 3, in Comparative Exam- 
ple 17, 

5 parts by weight of a discoloration preventing agent 
1,1-bis(4-hydroxyphenyl)cyclohexane into the ink 
of Comparative Example 14, in Comparative Exam- 
ple 18, 

5 parts by weight of a discoloration preventing agent 
1,1-bis(4-hydroxyphenyl)cyclohexane into the ink 
of Comparative Example 15, in Comparative Exam- 
ple^, and 

5 parts by weight of a discoloration preventing agent 
1,1 -bis(4-hydroxyphenyl)cyclohexane into the ink 
of Comparative Example 1 6, in Comparative Exam- 



ple 20. 

EFFECTS OF THE INVENTION 

5 [0113] As described above, an indicator for plasma 
sterilization prepared by applying the present invention 
has the following effects. 

[0114] Firstly, if the indicator which is applied to or 
printed on the surface of packaging materials for sterili- 

10 zation made of materials such as sterilized paper and 
the like, is used, a determination whether objects to be 
sterilized have experienced a sterilization process can 
be made on the basis of the color. 
[0115] Secondly, if the indicator which is printed on 

15 cards and the like, is subjected to sterilization treatment 
with objects to be sterilized, whether sterilization condi- 
tions applied to the objects have been appropriate can 
be detected on the basis of the color tone change after 
sterilization . 

20 [0116] Thirdly, an indicator which has the following 
features in quality can be prepared. Namely, (1) since 
colorless fluoran pigments include pigments which are 
colored in various colortones, an indicator which chang- 
es color in an arbitrary color tone can be prepared by 

25 selectingthe pigments. Moreover, (2) by changing types 
and mixing amounts of the coloring assistants, indica- 
tors which have different speeds of color change (color- 
ation) during sterilization treatment can be also pre- 
pared. In particular, by using as a coloring assistant an 

30 appropriate amount of a compound having a dithiocar- 
bamyl, which has a low coloration promoting property in 
a hydrogen peroxide vapor, it is possible to prepare an 
indicator which slowly changes color (is slowly colored) 
in a diffusion step of diffusing a hydrogen peroxide vapor 

35 in a plasma sterilization process, and which rapidly 
changes color (is colored rapidly) in a plasma genera- 
tion step (an indicator which changes color in proportion 
to the sterilization effect). 

[0117] Furthermore, (3) in combination with the color- 
40 less fluoran pigment, by using a pigment which has the 
property of discoloring (losing color) by a plasma steri- 
lization treatment in the presence of acoloring assistant, 
an indicator which is colored from one arbitrary color 
tone to another arbitrary color tone can be prepared. 

45 

Claims 

1. An indicator for plasma sterilization comprising a 
50 colorless chromogenic pigment, a coloring assist- 
ant, and a binder (a binding agent), wherein the 
color tone change of the indicator occurs by a hy- 
drogen peroxide low temperature plasma steriliza- 
tion method. 

55 

2. An indicator for plasma sterilization according to 
claim 1, wherein the colorless chromogenic pig- 
ment is a colorless fluoran pigment. 



11 
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3. An indicator for plasma sterilization according to 
claim 1 or 2, wherein the colorless chromogenic pig- 
ment is at least one type of a colorless fluoran pig- 
ment. 

5 

4. An indicator for plasma sterilization according to 
any of claims 1 to 3, wherein the colorless chromog- 
enic pigment is at least one type of a colorless 
fluoran pigment, and wherein the coloring assistant 

is at least one type of a compound having a mer- 10 
capto group. 

5. An indicator for plasma sterilization according to 
any of claims 1 to 4, wherein a polyphenol com- 
pound is used as a discoloration preventing agent '5 
for a pigment colored by a hydrogen peroxide ster- 
ilization method. 

6. An indicator for plasma sterilization according to 
any of claims 1 to 5, wherein a compound which has 20 
a low coloration promoting property in a hydrogen 
peroxide vapor is used as a compound having a di- 
tiocarbamyl group which is the coloring assistant. 

25 
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N(CH 3 ) 



N(CH») 



PIGMENT NAME: LEUCOCRYSTAL VIOLET 
MANUFACTURER: TOKYO KASEI KOGYO 



FIG. 2 



•(CH 



N(CH 3 ) 2 




N(CH 3 )a 



PIGMENT NAME: CRYSTAL VIOLET LACTONE 
MANUFACTURER: TOKYO KASEI KOGYO 
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FIG. 3 




PIGMENT NAME: BLUE-200 

MANUFACTURER: H0D0GAYA CHEMICAL INDUSTRY 



FIG. 4 




PIGMENT NAME: BLUE-63 
MANUFACTURER: YAMAMOTO CHEMICAL 
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FIG.5 




N(CH 3 ) 2 

PIGMENT NAME: G-118 
MANUFACTURER: YAMAMOTO CHEMICAL 



FIG.6 




PIGMENT NAME: PSD-HR 
MANUFACTURER: NIPPON SODA 
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FIG.7 




PIGMENT NAME: TH-107 

MANUFACTURER: HODOGAYA CHEMICAL INDUSTRY 



FIG. 8 
EXAMPLE 1 



(1) PIGMENT (DYE) 


PSD-HR : 0.5 


(2) COLORING 


TETRAMETHYLTHIURAM 


ASSISTANT 


MONOSULFIDE 




: 2.5 


(3) DISCOLORATION 


NONE 


PREVENTING AGENT 




(4) BINDER 


ETHYL CELLULOSE : 12.5 


(5) SOLVENT 


MIXTURE OF METHYL ETHYL KETONE 




AND TOLUENE (9:1) : ABOUT 85 
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FIG. 9 
EXAMPLE 2 



(1) PIGMENT (DYE) 


PSD-HR : 0.5 


(2) COLORING 


TETRAETHYLTHIURAM DISULFIDE 


ASSISTANT 


: 2.5 


(3) DISCOLORATION 


NONE 


PREVENTING AGENT 




(4) BINDER 


ETHYL CELLULOSE : 12.5 


(5) SOLVENT 


MIXTURE OF METHYL ETHYL KETONE 




AND TOLUENE (9:1) : ABOUT 85 



FIG. 10 
EXAMPLE 3 



(1) PIGMENT (DYE) 


PSD-HR : 0.5 


(2) COLORING 


2-BENZOTHI AZOLYL 


ASSISTANT 


DIETHYLDITHIOCARBAMATE : 2.5 


(3) DISCOLORATION 


NONE 


PREVENTING AGENT 




(4) BINDER 


ETHYL CELLULOSE : 12.5 


(5) SOLVENT 


MIXTURE OF METHYL ETHYL KETONE 




AND TOLUENE (9:1) : ABOUT 85 
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FIG. 11 
EXAMPLE 4 



(1) PIGMENT (DYE) 


TH107 : 0.5 


(2) COLORING 


TETRAMETHYLTHIURAM 


ASSISTANT 


MONOSULFIDE 






(3) DISCOLORATION 


NONE 


PREVENTING AGENT 




(4) BINDER 


ETHYL CELLULOSE : 12.5 


(5) SOLVENT 


MIXTURE OF METHYL ETHYL KETONE 




AND TOLUENE (9:1) : ABOUT 85 



FIG. 12 
EXAMPLE 5 



(1) PIGMENT (DYE) 


TH-107 : 0.5 


(2) COLORING 


TETRAETHYLTHIURAM DISULFIDE 


ASSISTANT 


: 2.5 


(3) DISCOLORATION 


NONE 


PREVENTING AGENT 




(4) BINDER 


ETHYL CELLULOSE : 12.5 


(5) SOLVENT 


MIXTURE OF METHYL ETHYL KETONE 




AND TOLUENE (9:1) : ABOUT 85 
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FIG. 13 
EXAMPLE 6 



(1) PIGMENT (DYE) 


TH-107 : 0.5 


(2) COLORING 


2-BENZOTHIAZOLYL 


ASSISTANT 


DIETHYLDITHIOCARBAMATE : 2.5 


(3) DISCOLORATION 


NONE 


PREVENTING AGENT 




(4) BINDER 


ETHYL CELLULOSE . 12.5 


(5) SOLVENT 


MIXTURE OF METHYL ETHYL KETONE 




AND TOLUENE (9:1) : ABOUT 85 


FIG. 14 




EXAMPLE 7 




(1) PIGMENT (DYE) 


PSD-HR : 0.5 


(2) COLORING 


TETRAM ETHYLTHIURAM 


ASSISTANT 


MONOSULFIDE 






(3) DISCOLORATION 


l,l-BIS(4-HYDR0XYPHENYL)CYCLOHE 


PREVENTING AGENT 


XANE : 5 


(4) BINDER 


ETHYL CELLULOSE : 12.5 


(5) SOLVENT 


MIXTURE OF METHYL ETHYL KETONE 




AND TOLUENE (9:1) : ABOUT 85 
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FIG. 15 
EXAMPLE 8 



(1) PIGMENT (DYE) 


nor> tin » r\ c 

PSD-HR : 0.5 


(2) COLORING 


TETRAETHYLTHIURAM DISULFIDE 


ASSISTANT 


: 2.5 


(3) DISCOLORATION 


1 , 1 -BIS(4-HYDR0XYPHENYL)CYCL0HE 


PREVENTING AGENT 


XANE : 5 


(4) BINDER 


ETHYL CELLULOSE : 12.5 


(5) SOLVENT 


MIXTURE OF METHYL ETHYL KETONE 




AND TOLUENE (9:1) : ABOUT 85 



FIG. 16 
EXAMPLE 9 



(1) PIGMENT (DYE) 


PSD-HR : 0.5 


(2) COLORING 


2-BENZOTHIAZOLYL 


ASSISTANT 


DIETHYLDITHIOCARBAMATE : 2.5 


(3) DISCOLORATION 


1,1-BIS(4-HYDR0XYPHENYL)CYCL0HE 


PREVENTING AGENT 


XANE : 5 


(4) BINDER 


ETHYL CELLULOSE : 12.5 


(5) SOLVENT 


MIXTURE OF METHYL ETHYL KETONE 




AND TOLUENE (9:1) : ABOUT 85 
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FIG. 17 
EXAMPLE 10 



(1) PIGMENT (DYE) 


TH107:0.5 


(2) COLORING 


TETRAMETHYLTHIURAM 


ASSISTANT 


MONOSULFIDE 




: 2.5 


(3) DISCOLORATION 


1,1-BIS(4-HYDR0XYPHENYL)CYCL0HE 


PREVENTING AGENT 


XANE : 5 


(4) BINDER 


ETHYL CELLULOSE : 12.5 


(5) SOLVENT 


MIXTURE OF METHYL ETHYL KETONE 




AND TOLUENE (9:1) : ABOUT 85 


FIG. 18 




EXAMPLE 11 




(1) PIGMENT (DYE) 


TH-107 : 0.5 


(2) COLORING 


TETRAETHYLTHIURAM DISULFIDE 


ASSISTANT 


: 2.5 


(3) DISCOLORATION 


1,1-BIS(4-HYDR0XYPHENYL)CYCL0HE 


PREVENTING AGENT 


XANE : 5 


(4) BINDER 


ETHYL CELLULOSE : 12.5 


(5) SOLVENT 


MIXTURE OF METHYL ETHYL KETONE 




AND TOLUENE (9:1) : ABOUT 85 
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FIG. 19 
EXAMPLE 12 



(1; Hum LIN I ILmCJ 




(2) COLORING 


2-BENZOTHI AZOLYL 


ASSISTANT 


Ult 1 MY Lux 1 nlUUMnDMlViM I c . <£.z> 


(3) DISCOLORATION 


1,1-BIS(4-HYDR0XYPHENYL)CYCL0HE 


PREVENTING AGENT 


XANE : 5 


(4) BINDER 


ETHYL CELLULOSE : 12.5 


(5) SOLVENT 


MIXTURE OF METHYL ETHYL KETONE 




AND TOLUENE (9:1) : ABOUT 85 



FIG. 20 
EXAMPLE 13 



(1) PIGMENT (DYE) 


NC-BLUE-5 : 0.2 


(2) COLORING 


2-MERCAPTOBENZOTHIAZOLE : 2 


ASSISTANT 




(3) DISCOLORATION 


NONE 


PREVENTING AGENT 




(4) BINDER 


ETHYL CELLULOSE : 12.5 


(5) SOLVENT 


METHYL ETHYL KETONE : ABOUT 85 
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FIG. 21 
EXAMPLE 14 



(1) PIGMENT (DYE) 


NC-BLUE-5 : 0.2 


(2) COLORING 


2-MERCAPTOBENZOTHIAZOLE : 2 


ASSISTANT 




(3) DISCOLORATION 


4,4' -(1- a - 


PREVENTING AGENT 


METHYLBENZYLIDENE)BISPHENOL : 




3.0 


(4) BINDER 


ETHYL CELLULOSE : 12.5 


(5) SOLVENT 


METHYL ETHYL KETONE : ABOUT 85 



FIG. 22 
EXAMPLE 15 



(1) PIGMENT (DYE) 


PSD-3G : 0.5 


(2) COLORING 


2-AMIN0-5-MERCAPTO-1.3.4THIADIAZ 


ASSISTANT 


OLE : 0.4 


(3) DISCOLORATION 


NONE 


PREVENTING AGENT 




(4) BINDER 


VINYL BUTYRAL : 12.5 


(5) SOLVENT 


METHYL ETHYL KETONE : ABOUT 85 
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FIG. 23 
EXAMPLE 16 



/I \ DIOMFMT /nVP\ 
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(2) COLORING 


TETRAETHYLTHIURAM DISULFIDE : 1.6 


ASSISTANT 




(3) DISCOLORATION 


1,1-BIS(4-HYDR0XYPHENYL)CYCL0HE 


PREVENTING AGENT 


XANE : 4 


(4) BINUcK 


FTUYI PFI 1 1 II n<^F • 1? <i 
CI rlTL V^uLLULVJou . ICO 


(5) SOLVENT 


MIXTURE OF METHYL ETHYL KETONE 




AND TOLUENE (9:1) : ABOUT 85 


FIG. 24 




FYAMPI P 17 




\L) rlOlVlllIN 1 \U T XL) 


TH-107 • 0 5 


(2) COLORING 


TETRA-n-BUTYLTHIURAM DISULFIDE : 


accictANIT 
Aoolo 1 MIN I 


1 fs 

x .o 


(3) DISCOLORATION 


1,1BIS(4-HYDR0XYPHENYL)CYCL0HE 


PREVENTING AGENT 


XANE : 4 


(4) BINDER 


ETHYL CELLULOSE : 12.5 


(5) SOLVENT 


MIXTURE OF METHYL ETHYL KETONE 




AND TOLUENE (9:1) : ABOUT 85 
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FIG. 25 
EXAMPLE 18 



(1) PIGMENT (DYE) 


1 rvlU/ . U.D 


(2) COLORING 


2-BENZOTHI AZOLYL 


ASSISTANT 
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DIETHYLDITHIOCARBAMAI t . l.b 


(3) DISCOLORATION 


1,1-BIS(4-HYDR0XYPHENYL)CYCL0HE 


PREVENTING AGENT 


XANE : 4 


(4) BINDER 


ETHYL CELLULOSE : 12.5 


(5) SOLVENT 


MIXTURE OF METHYL ETHYL KETONE 




AND TOLUENE (9:1) : ABOUT 85 



FIG. 26 
EXAMPLE 19 



(1) PIGMENT (DYE) 


NC-BLUE-5 : 0.2 




+ PARAROS ANILINE : 0.05 


(2) COLORING 


TETRAETHYLTHIURAM DISULFIDE : 2.5 


ASSISTANT 




(3) DISCOLORATION 


NONE 


PREVENTING AGENT 




(4) BINDER 


ETHYL CELLULOSE : 12.5 


(5) SOLVENT 


METHYL ETHYL KETONE : ABOUT 85 
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FIG. 27 
EXAMPLE 20 



(1) PIGMENT (DYE) 
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+ PARAROSANILINE : 0.05 


(2) COLORING 


TETRAETHYLTHIURAM DISULFIDE : 2.5 


ASSISTANT 




(3) DISCOLORATION 


4,4'-(l-a- 


PREVENTING AGENT 


METHYLBENZYLIDENE)BISPHENOL : 5 


(4) BINDER 


ETHYL CELLULOSE : 12.5 


(5) SOLVENT 


METHYL ETHYL KETONE : ABOUT 85 



FIG. 28 
EXAMPLE 21 



(1) PIGMENT (DYE) 


PSD-HR : 0.5 




+ VICTORIA BLUE : 0.05 


(2) COLORING 


TETRAETHYLTHIURAM DISULFIDE : 2.5 


ASSISTANT 




(3) DISCOLORATION 


NONE 


PREVENTING AGENT 




(4) BINDER 


ETHYL CELLULOSE : 12.5 


(5) SOLVENT 


METHYL ETHYL KETONE : ABOUT 85 
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FIG. 29 
EXAMPLE 22 



(1) PIGMENT (DYE) 


PSD-HR : 0.5 




+ VICTORIA BLUE : 0.05 


(2) COLORING 


TETRAETHYLTHIURAM DISULFIDE : 2.5 


ASSISTANT 




(3) DISCOLORATION 


1 , 1 -BIS(4-HYDROXYPHEN YL)CYCLOHE 


PREVENTING AGENT 


XANE : 5 


(4) BINDER 


ETHYL CELLULOSE : 12.5 


(5) SOLVENT 


METHYL ETHYL KETONE : ABOUT 85 



FIG. 30 



C S 

/ II 

S 



(CHEMICAL FORMULA 1) 
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FIG. 31 

SH 

(CHEMICAL FORMULA 2) 
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